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(54) SPONGE ROLL AND METHOD OF MANUFACTURING THE SAME 



(57) A sponge roll such as a toner supply roll, a 
transfer roll, a cleaning roll, a developing roll and a 
charged roll which are used for a copier and a printer 
which utilize an electrophotographic system. The 
sponge roll has a sfiaft member, and an elastic sportge 
layer, at least a part of an outer circumferential surface 
of the shaft member being formed as a rough surface 
having a ten-point average roughness (Rz) of 5-300 ^m, 
the elastic sponge layer t>eing integrally molded with the 
shaft memt>er on the outer circumfererK;e of the shaft 
memt)er without interposing a layer of a bonding agerrt 
therebetween. Merely forming a specific rough surface 
on the shaft memt>er and molding the shaft member and 



elastic sponge layer together enable a large adhesive 
strength to be obtained therebetween, so that the 
sponge roll can sufficiently deliver a higher operating 
speed and a higher durability required t>y an electropho- 
tographic copier, the sponge roll requiring no layer of a 
bonding agent t>etween the shaft member arxi elastic 
sponge layer, unlike a conventional sponge roll, 
whereby rt becomes possble to prevent oozed-out 
txxiding agent wfuch causes contamination. arxJ render 
troublesome steps, such as a bonding agent application 
step and a bonding agent drying step unrtecessary. i.e.. 
simplify the sponge roll manufacturing steps. 
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Description 

RELD OF-mE INVENTION 

5 [0001] Th present invention relates to a spong roll to be used as a toner supply roll, a transfer roll, a cleaning roll, 
a developing roll and a charging roll or the like in a copying machine or a printer which utilizes an electrophotographic 
system. 

PRIOR ART 

10 

[0002] Copying by a copying machine or a printer using an electrophotographic system (hereinafter, abbreviated to 
an electrcphotographic copying machine or the like) Is generally conducted in the foltowing manner. Rrst, an electro- 
static latent inriage of an original image is made on a surface of a photosensitive drum and toner is attached to the elec- 
trostatic latent image for fonning a toner image. The toner image was transfenred to a sheet of paper, for obtaining a 

IS copy. In this case, the original image is projected through an optical system on a preliminarily charged suriace of the 
photosensitive drum and electrification is canceled on a portion where fight is applied, for obtaining an electrostatic 
latent imaga Next, toner is supplied from a toner cartridge via a toner supply roll to a developing roll whereby the toner 
is attached to the electrostatic latent image, for obtaining a toner inraga Further, the toner image is fransferred via a 
transfem'ng devk;e such as a transfer roll on a sheet of paper. Even further, the sheet of paper having the toner image 

20 is passed through a fuser roll so that the toner image is fixed, and thus copying is conducted. Then, toner remaining on 
the photosensitive drum is eliminated by a cleaning devfoe such as a cleaning roll or the lika 
[0003] As a spor^ge roll to be used as a toner supply roll, a transfer roll, a cleaning roll, a devetoping roll, a charing 
roll a the like in an electrophotographic copying machine or the like, for example, widely used is a sponge roll of an elas- 
tic sponge layer of polyurethane foam fonned on a peripheral surface of a shaft When conductivity is required, the 

25 sponge roll containing a conductive agent in the elastic sponge layer ts used. 

[0004] As a nriethod of producing the above-mentioned sponge roll, heretofore, a conventional method comprises 
placing a shaft in a nK>ld wherein a nrK>kl-release agent has been preliminarily applied, filling a material having a desig- 
nated fanrujiation for forming polyurethane foam, corxiucting a foaming reaction of the material for forming poly- 
urethane foam 80 as to be cured, and forming an elastic sponge layer on a peripheral surface of the shaft. In this 

30 method, the elastic sponge layer is adhered to the shaft by using the adhesive strength of the elastic sponge layer of 
the polyurethane foam without an adhesive. 

[0005] In the electrophotographfo copying machine or the like using the above-merrtioned sponge roll, higher-speed 
operation and higher durability are further required from now on, so that a higher adhesive strength between the shaft 
arxi the elastic sponge roll is fur\h& required. However, since the sponge roll obtained by the above-mentior>ed conven- 
es ttonal method has insuffictent adhesive sfrength. it is impossfole to sat^ the demarxls for the higher operating speed \ 
and the higher durability To obtain sufficient ^esrve strength, it is thought that an adhesive layer shoukJ be formed 
between the shaft and the elastic sponge layer. However, such a method has drawbacks in productfon such as contam- 
ination by an oozed-out adhesive and increased production steps because of the necessity of an adhesive applk:ation 
St p and an adhesive drying step. In additfon, it requires the troublesome steps of peding cff the adhesive from 
40 surfaces of the shaft and the elastic sponge layer for recycling, resulting in inf^iority from a viewpoint of recycling. 
[0006] In view of the foregoing, it is an object of the present invention to provide a sponge 

sive strength can be obtained between a shaft and an elastic sponge teyer without an adhesive l^er interposed there- 
between and productfon becomes easy, and a method of produdng the same. 

45 DISCLOSURE OF THE INVENTION In accordance with a first aspect of the 

[0007] present invenfion, there is provided a sponge roll comprising a shaft and an elastic sponge layer, wherein at 
least a part of an outer peripheral surface of the shaft is formed as a rough surface having a ten-point average rough- 
ness (Rz) of 5 to 300 Jim and the elastic sponge layer is integrally moUed on the outer peripheral surface of the shaft 

50 without an adhesive layer interposed therebetween. 

[0008] Further, in accordance with a second aspect of the present invention, there is provided a method of produdng 
a sponge roll connprising the steps of forming at least a part of an outer peripheral surface of a shaft as a rough surface 
having a ten-point average roughness (Rz) of 5 to 300 jim. installing the shaft into a moW. filling a material for forning 
an elastic sponge layer in a cavity of the mold and nwlcfing integrally the elastic sponge layer on the outer peripheral 

55 surface of the shaft due to the material so as to obviate interposition of an adhesive layer therebetween. 

[0009] The inventors of the present invention have made intensive studies to otrtain a sponge roll wherein adhesive 
strength between a shaft and an elastic sponge layer is superi r without using an adhesive. During the process of the 
studies, the inventors considered that high adhesive strength can be obtained without an adhesive layer if at least of a 
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part of a peripheral surface of the shaft is formed as a rough surface and integrally nK>tded with the elastic sponge layer. 
As a result of studies an the rough si^ce of th peripheral surface of the shaft, the inverrtors found that high adhesive 
strength between the shaft and the elastic sponge layer can be obtained when the surfece roughness is formed with a 
ten-point average roughness (Rz) of 5 to 300 even it an adhesive layer is not interposed therebetween. Thus, the 
5 inventors have attained the present inverrtioa 

[0010] Also^th iriventors found that the atx>^e-mentioned sponge roll can t)e easily produced by a method compris- 
ing the steps of forming at least a part of an outer peripheral surface of a shaft as a rough surface having a ten-point 
average roughness (Rz) of 5 to 300 installing the shaft into a mold, filling a material for forming an elastic sponge 
layer in space of the moM and molding inte^-ally the elastic sponge layer on an outer peripheral surface of the shaft due 
10 to the material so as to obviate interposition of an adhesive layer therebetween. Thus, the inventors have attained the 
present invention. 

[001 1] Further, when the density of the elastic sponge layer is not less than 0.05g/cnf, siperior ckjrability is provided. 
[001 2] Even further, when polyuretfiane foam is used for forming the elastic sponge layer, an elastic sponge layer of 
polyurethane foam can be integrally molded onto the peripheral surface of the shaft so that production steps can be 
IS simplified. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] 

20 

Fig. 1 is a vertical sectional view illustrating one embodiment of a sponge roll of the present invention; 
Fig. 2 is a horizontal sectional view illustrating the sponge roll of Fig. 1 ; 

Fig, 3 is a sectional view illustrating one embodiment of a n^ethod of producing a sponge roll according to the 
present invention; 

25 Fig. 4 is an elevation schematically illustrating a jig for measuring adhesive strength; 
Fig. 5 is a side view illustrating the jig of Fig. 4; and 

Figs. 6 and 7 are explanatory views DIustrating a method of measuring hardness of a elastic sponge layer. 
BEST MODE OF CARRYING OUT THE INVENTION 

30 

[001 4] The present invention will hereinafter be described in detail by way of embodiments thereof. 
[0015] The sponge roll of the present invention may have, for example, a structure having a shaft 1 and an elastic 
sponge layer 2. as shewn in Rgs. 1 and 2. A main feature of the present invernion is tfiat at least a part of a peripheral 
surface of the shaft 1 is formed as a rough surface with a ten-point average roughness (Rz) of 5 to 300 pm and the elas- 
35 tic sponge layer 2 is integrally nDotded on the perqpheral surface of the shaft 1 without an adhesive layer interposed ther- 
ebetween. In addition, the ten-point average roughness (Rz) is in accordance with JIB B 0601 . 
[0016] Generally, the shaft 1 nriay be fornied of nrietals such as iron, aluminum or copper. A shape of the shaft 1 may 
t>e. for example, a solid core, a hollow cylinder or the like. 

[0017] In the shaft 1. at least a part of the peripheral surface should be formed as a rough surface with a ten-point 

40 average roughness (Rz) of 5to 300 fmrnore preferably 10 to 200 ^m.nrK)^ 

ten-point average surface roughness is less than 5 \im, surface roughness is insufficient so that an anchoring effect of 
the material for fonming the elastic sponge layer to the surface of the shaft 1 cannot be expected, resulting in insufficient 
adhesive strength. On the other hand, wfien the tervpmnt average surface roughness (Rz) exceeds 300 ^m, the 
processing cost becomes high and an improvement in adhesive strength is not as expected. In addition, a rough surface 

45 isnotnecessarilyfornriedona whdeper9>heral surface of the shaft 1. At least a part of the p^ 

shaft 1 may be formed as a rough surface, especially, at positions adjacent to tx>th ends of the elastic sponge layer 2. 
[0018] Exemplary noethods of forming the peripheral surface of the shaft 1 as a rough surface may include a shot 
blasting method, a knuriing method and an etching method, which may be combined. Alternatively, these mettxxis may 
be corrtwned with other methods. Among an. a shot blasting method is prefen^ed from a viewpoint of processing cost 

50 and uniformity of the process. 

[001 9] Exemplary materials of the elastic sponge layer 2 for being integrally molded on the peripheral surface of ttie 
shaft 1 may include, for example, polyurethane foam forming materials, urethane elastomer fbnning materials and sili- 
cone sponge forming materials, among which the polyurethane foam forming materials are prefen^ed from a viewpoint 
of good adhesiveness with the shaft 1 . 

55 [0020] Examples of the polyurethane foam forming materials may include a pdyhydroxyl compound, a polyisocyanate 
compound, a chain-lengthening agent, a catalyst a foaming ag nt, various conductivity imparting agents and other 
additives. 

[0021 ] Examples of the polyhydroxyl compound may b a polyol generally used for production of polyurethane foam 
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or urethane elastomer and may include a polyolefin polyol, such as polyether polyol,- polyester polyol. polytxjtadiene 
polyol or polyisoprene polyol. having a hydroxyl group. These may be used either alone r In combination. 
[0Q22] Examples of the polyisocyanate compound may be a pdyisocyanate generally used for production of poly- 
ur^hane foam and urethane elastomer, and may include tolylene diisocyanat (TDI), crude TDI, 4,4-diphenylmethane 
5 diisocyanate (MDI), crude MDI and various nxxirfied MDI. These may be used either alone or in combination. 

[0023] The isocyanate is preferably used in an amount equivalent to isocyanate index of about 100 to 130 with respect 
to the polyol. 

[0024] Examples of the chain-lengthening agent may include ethylene glycol, 1 ,4-txitanecfiol and 1,6-hexanediol. 
These may k>e used either abne or in combination. 
10 [0025] Examples of the catalyst ntay include amine compounds such as triethylenediamine, N-methyl monpholine, N- 
ethyl morpholine. N-methykliethanolamine, N-ethyl-dietfianolamine. organic tin compounds such as dibutyttincfilaurate 
(DBTDL). These may be used either alone or in combination. 

[0026] Exemplary methods for forming the polyurethane foam may include a one-shot method and a prepolymer 
method. 

15 [0027] The density of the elastic sponge layer 2 is preferat)ty not less than O.OSg/cm^, more preferably 0.05 to 
0.7g/cm^ That is, when the density is less than 0.05g/cni^. the strength of the elastic sponge layer 2 is low, resulting in 
a tendency of inferior durability. 

[0028] Next, an example of prDductrig the spor^e roll accordirrg to the present invention will be explained. Rrst, the 
surface of the shaft 1 is formed as a surface roughness having a tervpoint average roughness (Rz) of 5 to 300 ^m by 

20 the above-mentioned shot blasting method. Then, the shaft 1 is installed into a nfx>ld comprising upper and lower mM 
halves 6, 7 in pair, as shown in Rg. 3. Next, after pdyuretfiane foam forming nr^tertals are fflled into a space 8 defined 
by the mold, a foaming reaction is conducted so as to cure the polyurethane foam. Thus, the sponge roll can be pre- 
pared wherein the elastic sponge layer 2 made of polyurethane foam is nrakJed integrally on the peripheral surface of 
the shaft 1 without interposing an adhesive layer (see Figs. 1 and 2). In addition, it is preferred to apply a mold release 

25 agent on a internal surface of the mold. It is possible that a skin layer of the elastic sponge layer 2 may be eliminated 
by a grinding method or the like, as required, so that a porous surface is obtained for use. 

[0029] Fifllher, in tiie above method, after forming the surface of the shaft 1 as a rough surface, the shaft 1 is installed 
in the mold, however, the present invention is not limited theteta For example, after the shaft 1 is installed in the nmid, 
the surface of the shaft 1 may t>e formed as a rough surface. 

30 [0030] Even further, the sponge roll of the presem invention is not linrvted to niodes shewn in R 1 and 2. For exam- 
ple, the sponge roll may have a structure having a surface layer on a peripheral surface of the elastic sponge layer 2. 
Exerrplary materials for forming the surface layer may include rubber materials such as urethane rubber, silicone rut>- 
ber, ethylene-propylene-dene terpolymer (EPDM) and acrytonitnle-butadiene copolymer rubber (NBR), and resins 
such as nylon and t^lon. In addition, the surface layer m^ be a so-called self-skin layer. wNch is formed so as not to 

35 d arlydfferentiate from the elastic sponge layer 2. 

[0031] The thus obtained sponge roll can be used for a toner supply roll, a transfer roO, a cleaning roll, a devefoping 
r II or a charging roll used in an electrophotographk; copying machine and the like Anrxxig all. it is prefen-ed to use the 
sponge roll as a toner sisppfy roll from the viewpoints of kiw hardness and stress easily caused when using. 
[0032] Rrst. such a case is explained that the sponge roll of the present invention is used as a toner supply roll. The 

40 toner supply roll is used for slipplying toner to a devefoping roil, whereby t^ 

on a surface of a photosensitive drum, as mentioned above, and for whk:h durability, anti-staining properties, ftexft)ilrty 
arxf the like are required. Especially, since there ts a recerrt terxJency that toner particle size is decreased for inr^xfoving 
deamess of copied inr^ge. it is necessary that toner partides are not hardened on the toner supply roll arxJ a timing 
phenomenon does not occur. When being used for the toner supply roll, the density of the elastic spor>ge layer 2 is pref- 

45 erably 0.05 to 0.3g/cm^. When the density is less than 0.05g/crn^. there is a tendency that the elastic sponge layer 2 
has fow strengtt) and inferior duratxlity. On the other hand, wtien the density exceecte 0.3g/m?, there is a terxf ency that 
the elastic sponge layer 2 is hardened and the toner is easy to deteriorate Further, the hardness of the elastic sportge 
layer 2 is preferdt>ly 50 to 350g/50mm. When the hardness is less than 50g^mm, there is a tendency ttiat the elastic 
sponge layer 2 has tow strength and inferior durat>ility. On the other hand, when it exceeds 350g^mm. there is a ten- 

50 dency that the toner is easy to deteriorate. The m^hod of measuring the hardness of the elastic spor^e layer 2 is as 
follows. As shown in Rgs. 6 and 7. the hardness is incficated t>y a load (g) when applying a cfisplacenrtent of 1mm by 
pressing the elastic sponge layer 34 with a jig 42 having a 50mm wkJe surface (7mm thick) after supporting opposite 
erxJs 32 of the shaft of the sponge roll 26. As the above load value t>ecomes larger, the hardness of the elastic sponge 
layer 34 inaeases or the elastic sponge layer 34 is harder. Still further, the nmasuring points are eight points of four 

55 points at each 90** in a drcumterential direction for each two points in an axial direction, as shown, and each value is an 
average thereof. 

[0033] Next, such a case is explained that the sponge roll of the present invention is used as a transfer roll. The trans- 
fer roll rotates while pressing agair^ a photosensitive drum via a recording medium such as paper, so that the toner 
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image on the photosensitive drum is transfen'ed. onto a piece of paper a the like. For high resolution of an image, an 
lectrically and magnetically unrfomi field, a suffiderrtty large friction coeff ident and high adhesiveness due to low den- 
sity are required in the transfer roll. It is prefen-ed that a conductive agent is added to the elastic sponge layer 2 for 
imparting conductivity. K is preferred that the electrical resistance of the elastic spong layer 2 has a specific volume 
5 resitivity of1x10^to1x10^^n * cm and th elastic sponge layer 2 has an Asker C hardness of 10 to 70^. Further, 
the surface of th elastic spor^e layer 2 may be rough and the surface thereof preferably has a ten-point average rough- 
ness (Rz) of 1 to 50 \im. If the surface of the elastic sponge layer 2 is rough, it is advantageous since toner filming is 
difficult to occur. 

[0034] Examples of the conductive agerrt added to the elastic sponge layer 2 nnay iridude an electronic conductive 
10 agent and an ionic conductive agent These may be used ertfier atone or in combination. Exanrples of the electronic 
conductive agent may indude cart)on blacks and me^lic oxides such as a solid solution of zinc oxide and aluminum 
oxide, a sdid solution of zinc oxide and antinrxKiy oxide and a solid solution of indium oxide and tin oxida These may 
be used either atone or in combination. Examples of the ionic conductive agent may indude quaternary ammonium 
salts such as trim^hyloctadecylanrvnonium chloride, beruyttrimethytanrvnonium chloride, trioctytpropylammonium chlo- 
15 ride and trimethytoctadecylammonium perchloride. perchloric add salts, benzoic add salts, nitrites and sulfates. These 
may be used either alone or In combination. 

[0035] Further, such a case is explained that the sponge roll of the present inventton is used as a deaning rdl. The 
deaning roll is used for elintinating remaining toner on a photosensitive drum and rec^ires durability, flexibility and the 
like arxi also requires a property not to contaminate the photosensitive drum by unreacted monomers, digomers or the 
20 like of materials used for formir>gpolyurethar)ef6an^ It is preferred to form the surface of the elastic sponge layer 2, (or 
the surface layer when forming such a surface layer on a peripheral surface of the elastic sponge layer 2) denser than 
the inside thereof for obtaining the abwB properties. The elastto sponge layer 2 preferably has an Asker C hardness of 
10 to 70°. 

[0036] The present invention will hereinafter t>e explained by way of Examples and Comparative Examples of a toner 
25 supply rdl. 

EXAMPLE 1 

[0037] Rrst a round rod. SUM22. (free-machining steel obtained by adding sulfur to carbon steel) having a diameter 

30 Of 5nfim was prepared as a Shaft A peripheral surface Of the shaft was treated by a sho^ 

surface having a ter>^nt average roughness (Rz) of 5 iinrt On the other hand, a mixture of materials for forming pdy- 
urethane foam, as shown in the following Table 1. was prepared. After installing the shaft in a moW. the mixture was 
filled into a cavity of the moM. Subsequently, the mixture was cured through a foaming reaction so that an elastic 
sponge layer made off polyurethane foam was integrally mokJed on a per?)heral surface off the shaft Then, a skin layer 

35 of a surface of the elastic sponge layer was eliminated by grinding so that a toner supply rdl was produced. In additton,- 
the elastto sponge layer had a density of O.lg/cnn^, a hardness of 270g/50mm, a thtokness off 5.5mm arxi the toner sup- 
ply roll had an outer diameter off 16nnm. 



T^BLE1 



(parts by weight) 


Materials for forming polyurethane foam 


pdyether polyd 


EP-828 avanat)le from Mitsui Chemtoals, Inc., OH 
valu&=28 


90 


POP-31-28 available from Mitsui Chemicals, Inc., OH 
value=28 


10 


silicone foam stabilizer (L-5309 availak>le from Nippon Unicar LTD.) 


3 


water (foaming agent) 


2 


tertiary amine catalyst 


KAOLtZER No. 31 available from Kao Corporation 


0.5 


TDYOCAT HX-35 available from Tosoh Corp. 


0.1 


tin catalyst (DBTDL) 


0.1 


isocyanate (Sumidur VT-80 available from Sumitomo Bayer Urethane Co.. Inc., NCO=45%) 


26.9 
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EXAMPLE 2 

[0038] A toner supply roll was produced in the same manner as EXAMPLE 1 except that a peripheral surface of the 
shaft was treated to form a rough surface having a ten-point average roughness (Rz) of 1 0 pm. 

5 

EXAMPLES 

[0039] A toner supply roll was produced in the same manner as EXAMPLE 1 except that a peripheral surface of the 
shaft was treated to form a rough surface having a ten-point average roughness (Rz) of 20 pm. 

10 

EXAMPLE 4 

[0040] A toner supply roll was produced in the same manner as EXAMPLE 1 except that a peripheral surface of the 
shaft was treated to form a rough surface having a tenix>int average roughness (Rz) of 50 pm. 

IS 

EXAMPLE 5 

[0041] Atonerstqsply roll was produced in the same manner as EXAMPLE 1 except that a peripheral surface of the 
shaft was treated to form a rough surface having a ten-point average roughness (Rz) of 100 ^m. 

20 

EXAMPLES 

[0042] A toner supply roll was produced in the same manner as EXAMPLE 1 except that a peripheral surface of the 
shaft was treated to form a rough surface having a tenixxnt average roughness (Rz) of 300 ^im. 

25 

COMPARATIVE EXAMPLE 1 

[0043] A ton^ supply roll was produced in the same manner as EXAMPLE 1 except that a peripheral surface of the 
shaft was treated to form a rough surface havirig a ten-point average roughness (Rz) of 2 ^m. 

30 

COMPARATIVE EXAMPLE 2 

[0044] A toner supply roll was produced in the same manner as EXAMPLE 1 except that a peripheral surface of the 
shaft was treated to fbnm a rough surface having a ten-point average roughness (Rz) of 3 ^m. 

35 - ... 

COMPARATIVE EXAMPLE 3 

[0045] A toner supply roll was produced in the same manner as EXAMPLE 1 except that a peripheral surface of the 
shaft was treated to fomi a rough surface having a ten-point average roughness (Rz) of 400 Mm. 
40 [0046] The acfriesive strength, duralMlrty and processing cost off the thus obtained tw 

and COMPARATIVE EXAMPLES were e^/aluated in accordance with the following standards. These results are shown 
in the following Table 2. In addition, each ten-point average roughness (Rz) off the surface off each toner supply roll is 
also shown in the same Tabia 

45 Adhesive strength 

[0047] Each adhesive strength k>etween the shaft 11 arxJ the elastic sponge layer 12 was measured using a jig for 
measuring the adhesive strength and a tensile tester (MODEL-1605 availaksle from AIKOH Eff^lNEERING CO.. LTD.), 
as shewn in Figs. 4 and 5. That is. the elastic sponge layer 12 was cut out into 20mm width and half off the elastic 
50 sponge layer 1 2 was peeled off in a peripheral direction. Then, an end off the shaft 1 1 was fixed t>y a dannp 14. Next, a 
5kg-load cell 1 0 was connected with the tensile tester (not shown) and was pulled up at a speed of SmmAnin in a direc- 
tion of an arrow, and a tensile load was measured so that its yield point was d^ined as the adhesive strength. In addi- 
tion, in figures, 11 a is a rough surface of the shaft 11 and 13 is a ball cage. 

55 Durability 

[0048] Th toner supply roll was incorporated into a cartridge of a printer (Color laser shot LBP-2030 availabi from 
Canon Inc.) and evaluation of durability (peeling on an end, image) was conducted after outputting 2,000 copies under 
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a low-temperature low-nx)isture corxlrtions Off 15**C x 10%RH. In addrtion. evaluation results w re indicated as follows. 
Peeling on an end 
5 [0049] 

O : No abr)orniality. 

a: Peeling of 1 to 3mm occurred on an end of ttie elastic sponge layer, which, however, is acceptable. 
X: Peeling of greater than 3mm occurred on an end of the elastic sponge layer or a fracture on a part of the elastic 
10 sponge layer. 

Image 

[0050] 

75 

O • No at)rK)rmality. 

a: Dense difference occurred slightly on an end, which, howe/er, is acceptable. 
X: Ob/ious density difference occurred on an end. 

20 Processing cost 

[0051] The processing cost for fomning a peripheral surface of the shaft as a desired surface roughness by a shot- 
blasting method was evaluated In accordance with the following standards. 

25 O • ^rtce a teniXMnt average roughness (Rz) is small, the processing cost is low. 
a: The processing cost becomes slightly high, but is acceptable. 
X: Since a ten-point average roughness (Rz) is large, the processing cost is expensive. 



TABLE 2 





ten-point aver- 
age roughness 
frim) 


adhesive 
strength 
(g/20mm) 


duratMlity 


processing cost 


general eval- 
uation 








peeling on an 
end 


oulputted image 






EXAMPLES 


1 


5 


80 


A 


O 


O 


O 


2 


10 


100 


o 


O 


O 


@ 


3 


20 


110 


o 


O 


O 


® 


4 


50 


120 


o 


O 


O 


® 


5 


100 


125 


o 


O 


O 


@ 


6 


300 


125 


o 


O 


A 


O 


COMPARATIVE EXAMPLES 


1 


2 


44 


X 


X 


o 


X 


2 


3 


50 


X 


A 


o 


X 


3 


400 


130 


O 


O 


X 


X 



[0052] From the results of the Table 2, all of toner supply rolls of the EXAMPLES had high adhesive strength of not 
55 less than SOg^mm. and thus had superior adhesiveness. Therefore, the toner supply rolls of EXAMPLES 2 to 6 had 
no peeling on each nd, and thus had superior durability while the toner supply roll of EXAMPLE 1 had a slight peeling 
on the nd. which, however, was acceptaWa Further, all the ton r supply rolls of the EXAMPLES had no abnormality 
n outputted images, and thus had superior durability. Still further, the toner supply rolls of EXAMPLES 1 to 5 were 
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processed at a low cost, while the processing cost of the toner supply roll of EXAMPLE 6 became slightly higher, which; 
however, was acceptal)la In this way, since the ten-point average roughness on the surface of the shaft of all the toner 
supply rolls of the EXAMPLES was each 5 to 300 general equation was good. Among all, the toner supply rolls 
of EXAMPLBS 2 to 5, having a tervpoint surface roughness (Rz) of 10 to 100 ^m. gained an excellent general evalua- 
tion. 

[0053] On the other hand, the toner supply rolls of COMPARATIVE EXAMPLES 1 and 2 were each processed at a 
low cost, however, the shaft surface thereof had a ten-point surface roughness (Rz) of less tfmn 5 ^m so that their adhe- 
sive strength was Im or not more than 50g/20mm, and thus had Inferior adhesiveness. Therefore, the toner supply rolls 
of COMPARATIVE EXAMPLES 1 and 2 each had peeling on an end and also an inconsistency in density, and thus were 
inferior in durability, resulting in general evaluation of X. Further, the toner supply roll of COMPARATIVE EXAMPLE 3 
h^ a high adhesive strength of 130g^mm, and thus had superior adhesiveness. For this reason, the toner supply roll 
of COMPARATIVE EXAMPLE 3 had no peeling on an erxJ, no abnormal outputted images, and thus had superior dura- 
bility. However, the toner sipply roll of COMPARATIVE EXAMPLE 3 had a ten-point average surface roughness (Rz) on 
the surface of the shaft of greater tfian 300 jim so ttiat the processing cost for forming the surface of the shaft as a rough 
surface was high, resulting in a poor general evaluation. 

INDUSTRIAL APPLICABILITY 

[0054] As descrft>ed above, in the sponge roll of the present invention has at least a part of an outer peripheral surface 
of the shaft formed as a rough surface having a ten-point average roughness (Rz)of5to300^mafxithe elastic sponge 
layer is integrally molded on the outer peripheral surface of the shaft without interposing an adhesive fayer therebe- 
tween. The sponge roll can t)e produced by a method comprising steps of forming at least a part of an outer peripheral 
surface of a shaft as a rough surface having a ten-point average roughness (Rz) of 5 to 300 pm. installing the shaft into 
a mold, filling a material for fbnning an elastic sponge fayer in a cavHy of the mold and molding integrally the elastic 
sponge layer on an outer peripheral surface of the shaft due to the material without interposing an adhesive layer ther- 
ebetween. Thus, farge adhesive strength can be obtained between the shaft and the elastic sponge layer merely by 
forming of a specific rough surface on the shaft and integrally molding, so that the sponge roll can sufficiently offer a 
higher operating speed and a higher duratxiity recfuired by an electrophotographic copying machine. The sponge roll 
requires no adhesive layer between the shaft and the elastic sponge layer, unlike a conventional sponge roll, whereby 
it becomes possfole to prevent contamiriation or the like by an oozed-out adhesive and obvfate troublesome steps such 
as an adhesive applicatfon step and an adhesive drying step so as to simplify the sponge roll producing steps. In addi- 
ti n. since an adhesive is not used according to the present inventkxi. it obviates troublesome steps of peeling off an 
adhesive from both the surface of the shaft and the elastic sponge layer when recycling, providing excellent recydabitity. 

Claims 

1. A sponge roll conriprfeing a shaft and an efastw sponge fayer, wherein at least a ^ 

of the shaft is formed as a rough surface having a ten-point average roughness (Rz)of 5to300 ^mandtheelastk; 
sponge fayer is integrally moWed on the outer peripheral surface of the shaft without interposing an adhesive fayer 
therebetween. 

2. The sponge roll acoorcfing to daim 1 , wherein the elastfo sponge fayer is formed of polyurethane 16am. 

3. The sponge roll according to daim 1 or 2, wher^n the outer per^eral surface of the shaft is formed as a rough 
surface by a shot blasting metfiod. 

4. The sponge roll according to any of claims 1 to 3, wherein a surface fayer is formed on an outer peripheral surface 
of the elastic sponge layer. 

5. The sponge roll according to any of dainrs 1 to 4. wheran the elastk; sponge fayer has a density of not less than 
0.05g/cm^. 

6. The sponge roll accorcfing to any of daims 1 to 5, wherein the ten-point average roughness (Rz) is 1 0 to 1 00 nm. 

7. The sponge roll accorcfing to any of daims 1 to 6. wherein the sponge roll is a toner siwly roll. 

8. TTie sponge roll according to daim 7. wher in the elastic sponge lay r has a density of 0.05 to 0.3g/cm^ and a hard- 
ness of 50 to 350g/50mm. 
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9.- A method of produdng a sponge roll conprising steps of : - - 

forming at least a part of an outer peripheral surface of a shaft as a rough surface having a ten-point average 
roughness (Rz) of 5 to 300 ^m; 
5 installing the shaft into a mold; 

filling a material for forming an elastic sponge lay r in a cavity of the mold; and 

nfK>lding integrally the elastic sponge layer on an outer perpheral surface of the shaft due to the material with- 
out interposing an adhesive layer therebetween. 

10 10. The metfiod according to daim 9» wherein polyurethane foam is used as a material for fonrang the elastic sponge 
layer. 

11. The method according to daim 9 or 10, wherein the outer per^heral surface of the shaft was formed as a rough 
surface by a shot blasting method. 

15 

12. Themethodaccordingtoanyof dainris 9 to 11. wherein a surface layer is fbrnied on an o^ 
the elastic sponge layer. 

13. The metfKXi according to any of claims 9 to 12. wherein the elastic sponge layer has a density of not less fhan 
20 0.05g/cm?. 

14. The metfKxi according to any of Claims 9 to 13. wfierein the terv^nt average roughness (Rz) is 10 to 100 (im. 

15. The method according to any claims 9 to 14. wherein the sponge roll is a toner supply roll. 



25 
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16. The method according to daim 15. wherein the elastic sponge layer has a density of 0.05 to 0.3g/cm^ and a hard- 
ness of 50 to 350g^mm. 
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